The effect of chronic exposure to a low concentration (0.5 μg l−1) of cadmium ions was investigated on escape behaviour of sea bass, Dicentrarchus labrax, using video analysis. Observations were also performed on the microanatomy of lateral system neuromasts. When fish were exposed for 4 h per day over 8 days to the cadmium ions, most of both types of neuromasts observed remained intact. However, some of them presented damaged sensory maculae. Whereas before cadmium exposure, fish responded positively to nearly all the lateral system stimulations, after exposure they decreased by about 10% their positive responses to stimulations. From the 15th day after the beginning of cadmium exposure, neuromasts presented progressively less damage, cadmium accumulation in gills and scales decreased significantly and fish escape behaviour had recovered. This study presents a new concept in ecotoxicology: using behavioural change to reveal the effects of pollution levels, scarcely detectable by currently used techniques (physiological responses).
In order to test the function or the dysfunction of their lateral line system, the 147 same set up was used as that previously employed (Faucher et al., 2006) behaviour was normal. After allowing several hours for recovery, the time required for 184 the entire disappearance of the stress caused by cadmium exposure, the sea bass 185 responses to the three daily stimulations by the water jet were recorded, every day until 186 the restoration of a normal behaviour. 187
To evaluate the stress caused by daily manipulations, two placebo treatments 188 (4-hour baths in seawater without cadmium) were performed one week apart during the 189 three weeks of recording under control conditions. 190 The number of data points obtained each day with the two sets of experiments is 259 indicated between brackets. The percentages obtained before and after cadmium 260 exposure were compared using χ ²-test.
261
All statistical analyses were performed with the statistical softwares XlSTAT-262 Pro 6.0 and Minitab 13.0. The level of significance was set at p < 0.05. Compared to control fish ( Fig. 1A and B) , the majority of superficial (Fig. 1C)  273 and canal (Fig. 1D ) neuromasts of sea bass exposed to 0.5 µg.l -1 for three days, did not 274 present any apparent tissue damage. The majority of them possessed intact sensory 275 maculae: hair bundles of subjacent sensory hair cells were well developed. However, 276 some seemed to be slightly damaged ( Fig. 1E and F) : their hair cell bundles were 277 sparse, shortened, and sometimes not visible. Although the percentage of superficial 278 neuromasts damaged (8.6 %, n = 35) was not significantly different from that in control 279 fish for which all neuromasts were intact (0 % destroyed, n = 19, χ ² = 2.515, p = 280 0.113), the percentage of canal neuromasts damaged (27.8 %, n = 18) after three days of 281 cadmium exposure was significantly greater than in control fish (0 %, n = 12, χ ² = 282 4.623, p = 0.032). At the end of the period of chronic cadmium exposure (8 days), fish 283 presented mainly intact superficial ( Fig. 2A ) and canal neuromasts (Fig. 2B) . However, 284 some of them were nevertheless damaged as illustrated by the figure 2C and D. The 285 percentage of superficial neuromasts altered (6.3 %, n = 24) was not significantly 286 different from that in control fish (0 %, n = 19, χ ² = 1.709, p = 0.191). In contrast, the 287 13 percentage of canal neuromasts damaged (30.8 %, n = 13) remained higher than that 288 observed in control fish (0 %, n = 12, χ ² = 4.719, p = 0.030). Then, 15 days after the 289 beginning of cadmium exposure, superficial (Fig. 3A) and canal (Fig. 3B ) neuromasts 290 were still mainly intact. A small percentage of superficial (4.8 %, n = 21) and canal 291 (22.2 %, n = 9) neuromasts were once again damaged (Fig. 3C and D) but less markedly 292 than previously. The percentage of neuromasts altered by cadmium exposure was not 293 significant compared to that observed in control fish, whether in the case of superficial 294 ( χ ² = 1.267, p = 0.260) or canal neuromasts ( χ ² = 3.159, p = 0.076). As before, at the 295 end of the experiment (21 days after the beginning of cadmium exposure), nearly all the 296 neuromasts of each type were intact ( Fig. 4A and B) . Nevertheless, some superficial 297 (5.6 %, n = 18) and canal (16.7 %, n = 6) neuromasts remained slightly altered ( showed that after exposure, cadmium accumulated much more in fish scales than in 375 gills. It is hence relevant to note that fish scales might be a pollutant marker more 376 sensitive than gills which have been commonly used until now. This suggestion is 377 supported by the observation of the adverse effect of cadmium on the morphology 378 (Yoshitomi et al., 1998 ) and the structural aspect (Rishi and Jain, 1998) of freshwater 379 fish scales. Rishi and Jain (1998) argued that fish scales could thus be used as a 380 biomarker of pollution, particularly as these can be used without sacrificing the animal. 381
In vitro, it has been also demonstrated that cadmium influenced osteoclastic activities 382 after acute exposure and inhibited osteoblastic activities under long-term exposure 383 17 (Suzuki et al., 2004) . Moreover, our results showed that after a maximum at three days, 384 cadmium accumulation tended to decrease. The fact that fish accumulate less cadmium 385 in their scales after 8 days of exposure could be explained by the action mechanism of 386 cadmium ions on cells. Cadmium and calcium ions are known to be mutually 387 antagonistic in their fixation on sites located at the gills (Verbost et al., 1987 (Verbost et al., , 1988 . 388
Given that the lateral line system functions through calcium ion flux, we suggest that 389 cadmium may block the Ca Cadmium chronic exposure 
